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STRATIFIED CHARGE INJECTION FOR
GAS-FUELED ROTARY ENGINES

BACKGROUND OF THE INVENTION

The present invention is directed to a gas-fueled ro-
tary combustion engine in which a gaseous fuel charge
is injected after the intake air port closes and early in the
compression stroke for providing a fuel-charge stratifi-
cation. This provides the advantages of increased ther-
mal efficiency and volumetric efficiency, reduced ex-
haust emissions levels, and less tendency to detonate
than a homogeneous charged engine.

In general rotary combustion engines have not been
able to achieve brake thermal efficiencies as high as that
of reciprocating engines. The two primary reasons for
this lower efficiency are the rotary’s large surface area-
to-volume ratio of the combustion chamber and the
long cycle time (1.5 times that of the reciprocating
engine). Both these factors increase the amount of heat
energy lost during combustion. The large surface area-
to-volume ratio (a result of the long rectangular shaped
chamber) also increases the time required to burn the
mixture since the flame has farther to burn and increases
the amount of unburned end gas in the combustion
chamber. A lean fuel mixture is desirable because it
facilitates high thermal efficiency, but at the same time
it slows the burn rate which counteracts the benefits of
lean burn efficiency.

Based on these rotary engine characteristics, a
method is needed which will allow the engine to oper-
ate at lean overall fuel-air ratios (to attain high thermal
efficiency) while maintaining, or even increasing, the
burning rate of the fuel. Ideally a stratified fuel charge
which is rich near the spark plugs and lean around the
perimeter of the chamber is desired. This will keep the
initial burning rate high due to a rich local mixture
around the spark plugs and eliminate the unburned gas
near the edges of the chamber.

The present invention is directed to achieving im-
proved thermal efficiency and lowered exhaust emis-
sions in a rotary combustion engine through fuel-charge
stratification by injecting the gaseous fuel after the in-
~ take port closes for providing a stratified charge at
combustion.

SUMMARY

The present invention is directed to a stratified
charge injection for gas-fueled rotary engines having an
air intake stroke, a compression stroke, a power stroke
and an exhaust stroke. The engine includes a housing
configuration having an air intake port(s) and an ex-
haust port and an outer perimeéter with a rotor rotatable
in the rotor housing. A gaseous fuel injector is con-
nected to the housing between 270° and 360° of the
rotor rotation after compression top dead center. In
addition, the injector is located downstream of the air
intake port(s). The injector provides gaseous fuel at a
pressure less than peak compression pressure and the
injector is located in the middle of the width of the
outer perimeter housing. Spark ignition means are pro-
vided in the housing downstream of the injector.

Yet a still further object of the present invention is
wherein the gaseous fuel injector includes a check
valve.
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Still a further object of the present invention is the
provision of second spark ignition means in the housing
downstream of the first spark emission means.

A further object of the present invention is wherein
the injector injects gaseous fuel early in the compres-
sion stroke which results in a rich fuel mixture at the
leading edge of the rotor flank and a lean mixture at the
trailing area of the rotor.

Yet a still further object of the present invention is
wherein in one embodiment the air intake port is open
from a rotor angle of approximately 192° to 282° after
compression top dead center and the gaseous fuel injec-
tor means is open after the air intake port is closed and
is open from a crankshaft angle of approximately 282°
to 329° after compression top dead center.

Further objects, features and advantages will be ap-
parent from the following description of a presently
preferred embodiment of the invention, given for the
purpose of disclosure and taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF ;I'HE DRAWINGS

FIG. 1 is a schematic elevational view of a cross
section, illustrating a gaseous fuel rotary combustion
engine of the present invention, and

FIG. 2 is a chart of compression pressure versus
crankshaft angle (which is three times the rotor angle)
for the pressure in the working chamber during intake
and compression strokes for one particular embodiment
of the present invention.

DESCRIPTION OF THE PREFERRED
: EMBODIMENT ’

Referring now to the drawings and particularly to
FIG. 1, the reference numeral 10 generally indicates the
gaseous fueled rotary combustion engine of the present
invention and generally includes a rotor housing 12
having a chamber 15 and a rotor 14 rotatable therein.
The rotor housing 12 includes an air intake port 16 and
an exhaust port 18 and an outer perimeter 20. The ports
16 and 18 may be side or peripheral ports as desired. As
is conventional, the engine 10 includes an air intake
stroke in chamber portion 22, a compression stroke in
chamber 23, a power stroke in chamber portion 24, and
an exhaust stroke in chamber portion 26 of the chamber
15. A crankshaft 30 is geared to the rotor 15, such as by
a three to one ratio whereby the crankshaft turns 3°,
while the rotor 14 is only turning 1°.

The above-description of a rotary internal combus-
tion engine is generally conventional. However, con-
ventional naturally-aspirated rotary engines operate on
a homogeneous mixture using gaseous fuels (natural gas
and its constituents) and produce less power than the
same engine operated on a liquid fuel because the gase-
ous fuel displaces intake air which reduces intake air
flow and effectively decreases the apparent size of the
engine. That is, a reduction in air flow means a reduc-
tion in power output. ‘

The present invention is directed to an engine 10
wherein gaseous fuel is introduced directly into a com-
pression chamber 23 during the compression stroke of
the rotary combustion engine 10 after the end of the
intake stroke in the chamber portion 22. The fuel is
injected early in the compression stroke in a manner and
location which produces fuel-charge stratification
within the compression chamber 23 as the rotor 14
approaches and reaches compression top dead center.
The result of this stratification is an increase in power
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output due to reduced displacement of the intake air by
the gaseous fuel during the intake process and reduced
HC and NOx exhaust emissions. That is, injection of the
gaseous fuel after the air intake process is complete will
eliminate the power loss normally associated with oper-
ation on gaseous fuels. The exact location of the gaseous
fuel injection is dependent upon the intake port 16 tim-
ing of the specific engine, but in general is located in the
rotor housing 12 between 270° and 360° rotation of the
rotor after compression top dead center, or between
810° and 1,080° rotation of the crankshaft 30, and in the
middle of the width of housing 12.

Therefore, a fuel injection nozzle 32 is connected to
the housing 12 downstream of the air intake port 16
through which a gaseous fuel, such as natural gas, is
supplied through a check valve 34. Gaseous fuel is sup-
plied through the injection nozzle 32 at a relatively low
pressure (less than the peak compression pressure in the
combustion stroke chamber portion 23), such as zero to
100 psi depending upon the engine load. Therefore,
when the compression pressure in the chamber portion
23 increases to the magnitude of the fuel supply pres-
sure, the subsequent injection of gaseous fuel is stopped
during the compression stroke. The one-way check
valve 34 prevents reverse flow of the fuel into the fluid
supply line during late compression or combustion
events. The fuel delivery pressure to the nozzle 32 can
be referenced to the intake port 16 pressure to compen-
sate for varying load conditions of the engine 10. Fuel
flow can be controlled either mechanically or electroni-
cally to maintain the proper fuel-air ratio in the engine.

Spark ignition means such as a first spark plug 36
and/or second spark plug 38 may be provided down-
stream of the injector 32 for igniting the stratified
charge in the power chamber 24. .

This gaseous fuel injection process stratifies the fuel
in three directions within the working chamber. Fuel
depth stratification (stratification between the rotor 14
and rotor housing 12) is accomplished by controlling
the angle (here shown as 90° to chamber 15) and the
depth of the fuel charge penetration into the compres-
sion chamber 23 during injection, this being a function
of the jet velocity and the momentum flux of the fuel
injection discharge. The location of the fuel injector 32,
in the middle of the rotor housing perimeter 20 width,
combined with the unidirectional air flow established in
the compression chamber 23 during the compression
stroke provides fuel stratification in the axial direction
of the rotor. An important aspect of this fuel stratifica-
tion method is based on the fact that since the fuel is
injected far downstream of the air intake port 16 the air
turbulence caused by the intake port 16 has substantially
diminished and unidirectional air flow exists in the di-
rection of rotor rotation. Fuel stratification in the tan-
gential direction to the rotor 14 is obtained as the pres-
sure in the working chamber increases during compres-
sion, thus stratifying the fuel charge from the leading
flank 40 to the trailing flank 42 of the rotor 14 (rich at
the leading flank 40, lean or no fuel at the trailing flank
40). The area of highest (richest) fuel concentration is
located at the leading spark plug 38 area which is ideal
for initiation of combustion. The areas of lowest (lean-
est) fuel concentration are around the perimeter of the
combustion chamber space and near the trailing flank 42
of the rotor 14, thus eliminating incomplete and ineffi-
cient combustion which normally takes place in these
areas in a homogeneous charge rotary engine. The re-
sult is lowered hydrocarbon emissions, lowered NOx
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emissions, increased thermal efficiency, and increased
power output.

A computer model was created and used to evaluate
the present invention in which the analysis was de-
signed to represent a Mazda 13B rotary engine. In com-
parison to a naturally-aspirated 13B rotary engine, a
significant increase in volumetric efficiency can be
achieved by eliminating the introduction of gaseous fuel
during the intake cycle. Assuming, then, that natural
gas injection after the closing of the intake port is desir-
able in terms of improving volumetric efficiency, the
question arises: Can sufficient amounts of natural gas be
injected without resorting to pressurizing the fuel sup-
ply pressure above 50 psi? (50 psi is a nominal pipeline
supply pressure from the utility company useful for
stationary engines). FIG. 2 is a graphical representation
of the pressure in the chamber 23 from intake through
compression for 1009 volumetric efficiency. From this
curve we see that a total of 412° of crankshaft angle is
available for injection of natural gas at under 50 psi. -
However, during all but 142° of that time the intake
port is open as well. That leaves approximately 142° of
crankshaft angle to inject natural gas at under 50 psi.
Calculations indicate that with a 50 psi supply pressure,
a }-inch orifice will allow sufficient fuel to enter the
engine to obtain relatively high power operation. It is
proposed that the positioning of the fuel injection hole
be located at the trailing spark plug 36 location. This
location leaves the gas injection hole covered until the
intake port 16 is closed. A simple check valve 34 at this
location would prevent the mixture from flowing back
into the system when in-chamber pressure rise above 50
psi. :

Review of the modeling data indicates that the flow
fields within the rotary engine 10 are conducive to fuel
stratification and the optimum location for the fuel in-
Jjector 32 would be at the trailing spark plug location,
downstream from the intake port 16 and during the
early part of the compression stroke. It is estimated with
the fuel injector at this point sufficient improvement in
both volumetric efficiency and fuel stratification can be
achieved to result in a 4 point increase in thermal effi-
ciency. Some means cf inducing mixture turbulence into
the combustion chamber 24 to increase the burning rate
and make use of the excess air may be required to obtain
the full benefit cf the lean-burn stratified-charge engine
process. Perhaps the easiest method of accomplishing
this would be with a small turbulence by-chamber (not
shown) mounted in the combustion space 24 of the rotor
housing 12.

The present invention, therefore, is well adapted to
carry out the objects and attain the ends and advantages
mentioned as well as others inherent therein. While a
presently preferred embodiment of the invention has
been given for the purpose of disclosure, numerous
changes in the details of construction and arrangement
of parts will be readily apparent to those skilled in the
art and which are encompassed within the spirit of the
invention and the scope of the appended claims.

What is claimed is:

1. A stratified charge injection for gas-fueled rotary
engines having an air intake stroke, a compression
stroke, a power stroke, and an exhaust stroke, compris-
ing,

a rotor housing, said housing inciuding an air intake

port and an exhaust port, and an outer perimeter,

a rotor rotatable in the housing,
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a gaseous fuel injector supplying all of the fuel is
connected to the housing between 270° and 360° of
the rotor rotation after compression top dead cen-
ter and downstream of the air intake port, said
injector providing gaseous fuel at a pressure less
than peak compression pressure, said injector lo-
cated in the middle of the width of the outer perim-
eter of the housing,

spark ignition means in the housing downstream of
the injector, and

means connected to the fuel injector responsive to the
compression pressure for controlling the rate and
duration of fuel injection.
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2. The apparatus of claim 1 wherein the means con-
trolling the fuel injection include a check valve.

3. The apparatus of claim 1 including a second spark
ignition means in the housing downstream of the first
spark ignition means.

4. The apparatus of claim 1 wherein the injector in-
Jects gaseous fuel early in the compression stroke.

5. The apparatus of claim 1 wherein the air intake
port is open from a rotor angle of approximately 192° to
282°; and the gaseous fuel injector means is opened after
the air intake port is closed and is open from a rotor

angle of approximately 282° to 329°.
x ® % % %



